Abstract Climate warming is likely to increase nutrient mineralization rates in bog ecosystems which may change the plant species composition. We examined the competitive relationships between two graminoid species, Eriophorum vaginatum and Rhynchospora alba, and two ericoid species, Calluna vulgaris and Vaccinium oxycoccus, at different nutrient supply rates. In a greenhouse, the plants were grown in monocultures and mixtures at four nutrient treatments: control, high N, high P, and high N ? P. The results show that the ericoids responded more strongly to the nutrient treatments than the graminoids. The dwarf shrubs showed higher growth rates and reduced root:shoot ratio at high N ? P supply. When grown in mixture the ericoids increased their growth, while graminoids decreased in biomass or showed signs of nutrient limitation compared to their monoculture plants. This suggests that under increased nutrient availability, bogs are more likely to turn into dwarf shrub dominated ecosystems and not grassland.
Introduction
Global change is expected to affect structure and functioning of several types of ecosystems, including bogs (Gorham 1991; Bridgham et al. 1995) . Bog ecosystems function as long-term terrestrial carbon sinks and contain a large fraction of the global soil carbon pool (Gorham 1991; Wieder and Vitt 2006) . In these ecosystems, potential effects of global change might be of enormous importance, as the carbon sink capacity may be reduced or even changed into a carbon source (Bridgham et al. 1995) .
The sequestration of atmospheric carbon in bogs is caused by extremely slow litter decomposition, resulting in peat formation. Species of the genus Sphagnum are dominant in bog ecosystems and play a major role in this process of peat accumulation. Sphagnum reduces the amount of available nutrients in the ecosystem both by producing litter of a poor quality, which favors slow decomposition, and by intercepting atmospheric nutrients Limpens et al. 2004; Bragazza et al. 2006) . By keeping the amount of available nutrients in the ecosystem low, Sphagnum restricts the number of vascular plants. Vascular plants produce litter of much higher quality and would therefore reduce the ability of the ecosystem to form peat (Wieder and Vitt 2006) .
Temperature rise as expected under the global change scenarios is likely to increase mineralization rates (Nadelhoffer et al. 1991) . Consequently, a higher amount of soil nitrogen (N) and phosphorus (P) will become available for the vegetation. Several studies showed that the enhanced nutrient availability in bog ecosystems causes an increase in vascular plant cover Heijmans et al. 2001; Limpens et al. 2003; Wiedermann et al. 2007; Gerdol et al. 2008) , while it negatively affects Sphagnum biomass Chapin et al. 2004; Bubier et al. 2007; Wiedermann et al. 2007 ). The expansion of vascular plants in bog systems caused by enhanced mineralization rates might cause the same positive feedback as described by Lamers et al. (2000) for N deposition. Decomposition and N mineralization are stimulated as a result of easily decomposable vascular plant litter. Furthermore, the roots of vascular plants excrete oxygen and organic substances which also stimulates mineralization and decomposition (Lamers et al. 2000) . This feedback may further increase vascular plant expansion and may ultimately change the structure and composition of bog ecosystems.
Generally, enhanced nutrient levels in plant communities lead to increased plant productivity and decreased species richness (Gough et al. 2000; Stevens et al. 2004 ). In environments with sufficient nutrients, plants with a high potential growth rate and a high leaf area ratio (the leaf area per unit total plant biomass) will have advantages over plants with lower potential growth rate (Berendse 1994; Lambers et al. 1998 ). This might explain why graminoids often increase in abundance after the application of fertilizer (Graglia et al. 2001; Van Wijk et al. 2003; Bret-Harte et al. 2004 . In bog ecosystems, a shift in dominance from one plant functional group toward another might have great impact. Dorrepaal et al. (2005) found that there are large differences in litter quality between functional groups of plants and therefore concluded that on the long-term changes in relative abundance of plant functional groups might be more important than the direct impacts of environmental change, like N deposition. Therefore, it is important to determine the response of the different functional groups on enhanced nutrient availability and to determine the outcome of competition between these two growth forms. On account of the expected increase of vascular plants under the current global change scenarios, more knowledge about the response of vascular plants to increased N and P levels and the competition between the different functional groups is needed in order to predict the changes in ecosystem's structure and functioning.
This study focuses on the effects of increased N and P levels on growth and resource allocation of the evergreen Ericaceous shrubs C. vulgaris (L.) Hull and V. oxycoccus L. and the graminoids E. vaginatum L. and R. alba (L.) Vahl in a greenhouse experiment. Furthermore the effects of increased N and P availability on the competitive relation between C. vulgaris and E. vaginatum, and between V. oxycoccus and R. alba were studied. The following hypotheses were tested: (1) Both graminoids and ericoids show increased growth after the application of N and P (however, graminoids increase the most) (2) Graminoids will outcompete ericoids (more clearly) at enhanced N and P availability.
Materials and methods

Plant material
In order to determine the effects of increased N levels and increased P levels on the functional groups of graminoids and ericaceous shrubs from bog ecosystems, as well as on the competition between these groups, two species pairs were selected. The pairs comprised a graminoid species and an ericaceous shrub co-occurring on relatively wet sites and one pair co-occurring on relatively dry parts of the bog. Based on these criteria, we selected the ericaceous shrub C. vulgaris and the graminoid species E. vaginatum from relatively dry sites, and V. oxycoccus and R. alba from relatively wet sites. These four species are common in undisturbed bogs and can be seen as representative species for ombrotrophic mires.
The plant material was collected from a small mire situated in the state Forestry Dwingeloo (52°49 0 N, 6°25 0 E), in the northeast of the Netherlands. Vegetation at the collection sites was mainly dominated by three Sphagnum species; S. fallax, S. magellanicum and S. papillosum. Mean annual precipitation is 859 mm and the mean annual temperature is 9.2°C. The total annual N deposition over 2006 was 3.5 g N/m 2 in this part of the Netherlands, which is not particularly high for this country, but is high compared to other regions with peatlands (Limpens et al. 2006) . Collection of the plants took place at the end of October, 2007. We carefully collected shoots, including fine roots, of the species E. vaginatum, V. oxycoccus and C. vulgaris, and the winter buds of R. alba. The shoots and the winter buds were transported in plastic bags and stored in a fridge at 7°C for only 1-6 days, until the start of the greenhouse experiment.
Experimental set-up
To study the effects of increased N and P availability on growth and resource allocation of the individual species, monocultures of all four species were grown at four different nutrient treatments: control treatment, high N treatment, high P treatment, and high N ? P treatment. To investigate the competitive outcome between graminoid E. vaginatum and ericaceous shrub C. vulgaris and graminoid R. alba and ericaceous shrub V. oxycoccus at different nutrient supplies, a replacement experiment was used. Both species pairs were grown in a 50-50% mixture at the same four nutrient treatments as applied in monocultures. All treatments were replicated five times.
We chose for an experiment under controlled conditions, by using aqueous nutrient solutions, to be sure that the added nutrients were directly available to the plants. Measurements of the nutrient concentrations in the pot solution during the experiment confirmed that the treatments differed in nutrient availability (data not shown). When this experiment would have been conducted on a peaty substrate, as in the field, the nutrients would probably have been immobilized and would have become available only after some time. This could take about one year as in a field fertilization experiment described by Van der Hoek et al. (2004) . This study therefore addresses direct competition for nutrients in inorganic form.
Shoots of each plant species were placed in notches in a rubbery disc with a diameter of 125 mm, with a total amount of four shoots per disc. These discs were placed on 1 l pots. Consequently, the monocultures contained four plant shoots of the same species, while the mixtures contained two shoots of a graminoid species and two shoots of its paired ericaceous shrub. Subsequently, all pots were filled with 950 g of artificial rainwater solution, an 8,000-fold dilution of a sea water solution based on Garrels and Christ (1965) . The amount of artificial rainwater in the pots was kept constant during the experiment, nullifying the water loss by replenishing water once a week. The pots were arranged in five blocks, corresponding to the number of replicates, with a total number of 120 pots, and were randomly rearranged every 2 weeks to minimize the effect of position within the greenhouse compartment.
N and P were applied to all four nutrient treatments once a week. The control treatment received 1.0 g N m -2 y -1 and 0.05 g P m -2 y -1 , the high N treatment got 5.0 g N m -2 y -1 and 0.05 g P m -2 y -1 , the high P treatment got 1.0 g N m -2 y -1 and 0.25 g P m -2 y -1 , and the treatment with both high N and P received 5.0 g N m -2 y -1 and 0.25 g P m -2 y -1 . In addition, an amount of 0.7 g K m -2 y -1 was added to all nutrient treatments in order to prevent potassium deficiency during the experiment. Nitrogen was applied as NH 4 NO 3 , P as NaH 2 PO 4 .H 2 0, and K was added as K 2 SO 4 . The weekly amount of nutrients each pot received was dissolved in 5 ml demineralized water and directly injected into the artificial rainwater using a 5 ml pipette. By using this method, there is direct competition between the shoots for inorganic nutrients. The total amount of applied N in the high N treatments represented a high N deposition situation, as in the Netherlands during the 1990s, while
is presumed to be a critical N load for bog ecosystems beyond which the productivity of Sphagnum decreases (Bragazza et al. 2006 ). The P supply was based on an N:P ratio of 20. The experiment was conducted in a greenhouse in Wageningen, The Netherlands, for a period of 14 weeks, starting at the end of October, 2007. The harvest of the plants took place at the beginning of February, 2008. Temperature in the greenhouse compartment was set at 20°C during daytime and 15°C at night, with 16 h of daylight and 8 h night. In case of low light conditions during daytime, extra light was provided by SON-T lights.
Measurements
During the experiment, growth rate of the plants was followed by measuring height or length of all shoots every 2 weeks. The average length increment per shoot during the 14 weeks of the experiment is defined as shoot length growth. In addition, the weekly water loss by transpiration was recorded for every pot to use as a proxy for photosynthesis. All pots were weighed on a weekly basis to determine the water loss. In addition, the weekly water loss of six pots without plants closed off by rubbery discs identical to the pots used in the experiment was determined. The average evaporation from the six pots was used to correct the water loss of the pots with plants for the amount of water lost by evaporation. Only data from the monocultures could be analyzed for species-specific nutrient treatment effects, as water loss in the mixture pots can not be assigned to the species.
At the end of the experiment all plants were harvested and separated into fine roots and leaf parts. Additionally, for the ericaceous shrubs, the stem was separated as well as the young and old leaves. To determine the leaf area ratio (LAR, leaf area/total plant dry weight, in other words the leaf area per unit total plant biomass) and the specific leaf area (SLA, leaf area/leaf dry weight, a measure of leaf thickness) of the plants, fresh leaves were scanned with a HP scanner and the leaf surface area was calculated using the computer program ImageJ (version 1.39). All plant parts were dried in a drying oven for at least 48 h at 70°C and dry weight was determined. The root:shoot ratio of the plants was defined as the ratio of fine roots and leaves.
After the biomass measurements, all leaves were grinded and analyzed for N and P concentration. Measurements of these elements were carried out after destruction with a mixture of H 2 SO 4 , Se, and salicylic acid, and were analyzed with a Skalar Sanplus autoanalyzer. The amount of plant material per pot was insufficient to carry out the chemical analyses, therefore the five replicates of each treatment were pooled and analyzed as one sample.
Statistical analysis
All statistical analyses were carried out in SPSS (version 12.0). Data were tested for normality with a Kolmogorov-Smirnov test and for homogeneity of variances with Levene's test. In case of not normally distributed data or heterogeneity of variances, data were transformed using square-root transformation. A Kruskal-Wallis test was used to analyze data that showed a non-normal distribution or heterogeneity of variances after transformation. To test the influence of both nutrient treatment and competition treatment on the attributes of the four species, 2-factor ANOVA's were used, with a Tukey post-hoc test or, in case of an unequal sample size, a Scheffe posthoc test. N:P ratios in old and young leaves of the ericoids were compared with a paired t-test. Differences among the nutrient treatments in leaf N:P ratio and water loss by transpiration between the treatments were tested with an one-way ANOVA and a Tukey post-hoc test.
Results
Effects of nutrient treatments
Both ericoid species responded to the application of both N and P. Although C. vulgaris shoots grown in the control treatment reached highest biomass values (Fig. 1) , differing significantly from shoots of the high N and high P treatments (Table 1) , shoot length growth was largest in the high N ? P treatment for this species (Fig. 2) . Addition of both N and P in V. oxycoccus led to higher biomass ( Fig. 1) and an increased shoot length growth (Fig. 2) compared to all other treatments. Shoots of V. oxycoccus grown in treatments with either high P or high N alone did not differ from the control in the measured plant characteristics (Table 1) . Similar to shoot length growth, water loss by transpiration of the monoculture plants was largest in the high N ? P treatment for both ericaceous species (Table 1) . Transpiration of V. oxycoccus during the experiment was 57% higher in the high N ? P treatment when compared to the control (data not shown). Both graminoid species did not show large responses to the nutrient treatments. However, E. vaginatum had a higher biomass in the control (monocultures) and in the high N ? P treatment (mixtures) when compared to high N and high P treatments ( Fig. 1; Table 1 ). This was not confirmed by nutrient treatment effects on shoot length growth or water loss by transpiration (Table 1) . For R. alba about 12% of the winterbuds had failed to develop roots after the final measurements at 14 weeks. The type of treatment had no influence on the success of root development. Undeveloped buds were not taken into account for the calculation of the shoot length growth, but were included in total biomass. No nutrient treatment effects were found for this species ( Fig. 1 ; Table 1 ). Resource allocation patterns changed for some of the species after the application of extra nutrients. Leaf area ratios of C. vulgaris and V. oxycoccus were affected by the nutrient treatments. For C. vulgaris, high N and high N ? P supply led to relatively more leaf area, while V. oxycoccus shoots showed relatively more leaf area in the high N ? P treatment when compared to the control treatment (Fig. 3) . Also, both species showed a decreased root:shoot ratio at high N ? P when compared to , repectively, the control treatment or the high P treatment. In contrast, both E. vaginatum and R. alba showed no response in specific leaf area, relative amount of leaf area (LAR) (Fig. 3) or root:shoot ratio with respect to the nutrient treatments (Table 1) .
Except for E. vaginatum, all species showed a response in foliar N and P concentration after application of additional nutrients (data not shown). In both C. vulgaris and R. alba the N:P ratio of the leaves was significantly lower in the high N ? P and high P treatment than in the control and high N treatment (ANOVA's, F = 142.74, df = 3 with P \ 0.001 and F = 35.32, df = 3 with P = 0.002 for C. vulgaris and R. alba, respectively). In V. oxycoccus the N:P ratio in the leaves was lower for shoots grown in the high P treatment compared to the other treatments (ANOVA, F = 57.32, df = 3, P = 0.001). C. vulgaris and V. oxycoccus showed a much higher N:P ratio in old leaves when compared to the ratio in young leaves (paired t-tests, t = 5.12, df = 3, P = 0.001 for C. vulgaris and t = 7.00, df = 3, P \ 0.001 for V. oxycoccus).
Effects of competition treatment
E. vaginatum was significantly affected in biomass by the competition from C. vulgaris. Shoots grown in mixture had 25% less biomass than shoots grown in monoculture (Fig. 1) . On the other hand, C. vulgaris showed an increased biomass of 90% when grown in a mixture together with E. vaginatum when compared to the monocultures (Fig. 1) and had a higher shoot length growth in mixtures.
R. alba showed no differences in terms of biomass or shoot length growth between shoots grown in mixture together with ericoid V. oxycoccus and shoots grown in monoculture. However, V. oxycoccus showed a 31% higher biomass in mixtures than in monocultures and shoot length growth was also higher in mixtures. The interaction effect between nutrient treatment and competition treatment in biomass of V. oxycoccus shows that the difference between the mixture and the monoculture depended on the nutrient treatment. The high N ? P treatment showed the largest difference between mixture and monoculture, while there was no such difference in the control treatment (Table 1 ; Fig. 1 ).
In terms of resource allocation, two species responded to the presence of the co-occurring species. R. alba had relatively less leaf area and thicker leaves (lower SLA) in mixtures with V. oxycoccus when compared to monocultures (Fig. 4) . In contrast, C. vulgaris produced thinner leaves in mixtures with E. vaginatum than in monocultures (Fig. 4) . Interaction between nutrient treatment and competition treatment effects was found in C. vulgaris for specific leaf area. When more nutrients were added the difference in SLA between the mixture and monoculture increased (Fig. 5) . 
Discussion
Graminoids
The results show that both graminoid species were not largely influenced in growth or resource allocation by the application of N and P, which is not in accordance with our hypothesis. E. vaginatum monocultures even showed the highest biomass in the control treatment, but this was not confirmed by results on shoot length growth or transpiration. We can not exclude the possibility that differences in starting material contributed to the treatment effects on biomass, as we do not have data on starting biomass. However, for initial shoot length there were no significant differences among the treatments. In C. vulgaris, biomass was also largest in the control treatment, which was related to the largest fine root biomass. The responses to treatments were more consistent for shoot length growth and other plant characteristics (LAR, SLA, and root:shoot ratio) when related to the allocation of resources to leaves. As the investment in leaf area enables more carbon assimilation for a longer time period, the measured plant characteristics probably better reflect competitive strength than the measured plant biomass after 14 weeks of treatment.
For R. alba, the second graminoid species, no differences were found in growth or resource allocation after the application of N and P. Possibly, the use of winter buds for this species influenced the results, as in winter buds nutrients are stored (Ohlson and Malmer 1990) Plants that store nutrients are less dependent on current photosynthesis and nutrient availability in the soil (Lambers et al. 1998) . Consequently, R. alba might be less dependent on the applied nutrients for its growth and therefore did not show a response to the added N and P. The N:P ratio in the leaves, however, differed among the nutrient treatments, suggesting that R. alba did use the nutrients to some extent. Studies of Heijmans et al. (2002) ; Limpens et al. (2003) found an increase in R. alba biomass after N fertilization in intact bog vegetation. Interestingly, both studies determined the increase in this species during the second growing season of the study. It might be that differences between the nutrient treatments will only become visible in a next growing season.
The lack of graminoid response to the application of N and P during this study does not stand on its own. Tomassen et al. (2004) performed a 3-year fertilization study in bog vegetation in Ireland and found that E. vaginatum did not respond to N addition, however, it was suggested that this was probably attributable to P limitation. Additionally, Chapin et al. (2004) found that after 3 years of fertilization treatments, graminoids did not respond to any fertilization treatment in a bog in northern Minnesota, USA.
In contrast, other studies showed large responses to fertilizer applications in graminoids. In a tundra ecosystem in Northern Sweden, Graglia et al. (2001) showed in a 10-year fertilization experiment that grasses increased in abundance in response to fertilizer application. Similarly, Van Wijk et al. (2003) reported that the biomass of deciduous shrub and graminoid plant types responded most strongly to nutrient addition on sites in Alaska and Northern Sweden during a long-term fertilization experiment ([3 year). Moreover, Bret-Harte et al. (2004) measured after 2 years in an Alaskan tussock tundra the strongest response to fertilizer in graminoids, of which E. vaginatum was the most dominant graminoid species. However, these studies were performed in tundra ecosystems and not in raised bog ecosystems. Perhaps, there is a difference between tundra and bog in type of nutrient limitation. Bogs with thick peat deposits may be more P-limited, because of the distance to the mineral subsoil (Bedford et al. 1999) , while tundra ecosystems are considered to be more N-limited Chapin 1980, 1995) . On the other hand, our study did not give indications of graminoids being better competitors for either N or P.
Dwarf shrubs
In contrast with the findings on the graminoids, both dwarf shrubs showed clear differences in plant characteristics after the application of N and P. The increase in shoot growth after the application of both N and P in C. vulgaris and V. oxycoccus implies that at least part of the extra available nutrients is allocated to length increase. This is not surprising as vascular plants in bogs need to keep up with the rising Sphagnum surface to avoid being overgrown (Malmer et al. 1994) . Additionally, some studies suggest that shading, enhanced by increased shoot growth, can have a negative impact on Sphagnum growth (Jonasson et al. 1999; Berendse et al. 2001 ) and even can increase N deposition by canopy interception (Lamers 2000) . This would give the dwarf shrub a competitive advantage over Sphagnum at increased shoot growth rates. The lower root:shoot ratio after the application of both N and P in both C. vulgaris and V. oxycoccus indicate a clear shift in resource allocation, and was only detected in the dwarf shrubs. The results suggest that nutrients became less limiting in the treatments with added N and P. Consequently, plants started to invest more resources in the above ground plant parts at the expense of below ground plant parts to increase the carbon assimilation rate. Moreover, C. vulgaris produced leaves with a higher SLA, in other words leaves with a larger surface area to intercept solar radiation for the same amount of biomass, after the application of both N and P. Plants grown under nutrient shortage generally produce thicker leaves of longer longevity to reduce nutrient loss, while plants grown under adequate nutrient conditions prefer to produce thinner leaves with high chlorophyll concentrations to enlarge the carbon assimilation rate (Lambers et al. 1998 ). In addition, the high transpiration rates of C. vulgaris and V. oxycoccus in the treatment with high N and P do indeed suggest that in this treatment carbon assimilation rates were higher.
Nutrient limitation
In the control treatment, leaf N:P ratios for all species except E. vaginatum were above 16, the values defined by Koerselman and Meuleman (1996) to identify P limitation. This suggests that P would be the limiting nutrient for growth. The application of P caused a shift in the N:P ratio in all species towards an N-limited situation. After adding both N and P, the N:P ratios in the graminoid species suggest P limitation, while the N:P ratios in the dwarf shrubs suggest an N-limited situation. However, as all four species in this study did not respond to the application of N or P alone, we cannot conclude which species were more limited by N or by P. Moreover, all species certainly showed more response after the application of both N and P when compared to the addition of either N or P only. This suggests that the plants are co-limited by both elements and increased deposition of N alone is not likely to cause a shift in species composition. Van der Gaag and Heijmans (unpublished data) also concluded after a 12-week greenhouse experiment, using mixtures and monocultures of V. oxycoccus and Sphagnum magellanicum, that an increase in N deposition will not cause an increase in biomass of V. oxycoccus as long as the amount of P is limited. In bogs similar to the one used in this study, the availability of P might ultimately determine the impact of N deposition. However, increased mineralization rates as a result of global warming are expected to enhance the availability of both N and P and might therefore be a larger threat to the carbon sink capacity of bogs than N deposition.
Competition
The competition part of the experiment showed that both graminoid species performed less when grown in mixture than in monoculture, while the dwarf shrubs performed better in mixture when compared to the monocultures. Biomass of E. vaginatum was reduced in the presence of C. vulgaris, while R. alba showed a lower SLA, in other words produced relatively less and thicker leaves, a sign of nutrient limitation (Lambers et al. 1998) , in the presence of V. oxycoccus. Enhanced nutrient limitation for the graminoid species in the mixtures might be explained by the lack of response of the grasses to the nutrient applications. Apparently, in mixture the dwarf shrubs were able to react more and faster to the enhanced nutrients, expanding their biomass while depleting the nutrients and causing nutrient shortage for the graminoids. This is supported by the larger SLA in the mixtures for C. vulgaris, which is a sign of nutrient sufficiency (Lambers et al. 1998 ).
While our study lasted for 14 weeks, long-term field studies in bog ecosystems showed similar differential responses to enhanced nutrient availability. Weltzin et al. (2003) found in a multiyear mesocosm experiment in northern Minnesota, USA, that graminoids cover decreased by 50%, while shrub cover increased by 50% by increased soil temperatures, enhancing nutrient mineralization rates. A recent study of Breeuwer et al. (unpublished data) showed that after southward transplantation of intact bog vegetation, graminoid species did not benefit from the enhanced nutrient levels caused by temperature increase and elevated N deposition. It were the ericoid shrubs that increased in abundance, mainly due to the increase of V. oxycoccus and C. vulgaris.
Conclusion
The results of our experiment suggest that the availability of high N and P as expected under global warming scenarios (Nadelhoffer et al. 1991) will alter the competition between vascular plant species in peat bog ecosystems. The interactions between nutrient and competition treatments found for specific leaf area in C. vulgaris and biomass in V. oxycoccus show that competitive vigor increased at higher nutrient availability, which is in contrast with our hypothesis. In the control treatment no differences were found between the monoculture plants and the plants grown in mixture, however, when nutrients were added the difference between plants grown in monoculture and plants grown in mixture increased, indicating that at high nutrient availability both dwarf shrub species became stronger competitors towards graminoids.
Ericoids were more able to respond to the application of N and P than the graminoid species. C. vulgaris is known to be very variable in many characteristics and much of this variation is plastic (Gimingham 1960) . From this study, it seems that the ericoids have a higher phenotypic plasticity than the graminoids, and are therefore able to adapt fast to the higher nutrient availability. This fast adaptation might include a higher leaf area ratio and lower root:shoot ratio, increasing the plants growth and photosynthesis rate. Again, this enhanced growth might further increase the plants leaf area ratio, causing a positive feedback mechanism. Probably, this mechanism also explains why the ericoid species started to outcompete the graminoids in the mixtures during this experiment. From this research, it can be concluded that under increased nutrient availability, bogs are more likely to turn into dwarf shrub dominated ecosystems than into grassland.
